Effects of Ni2+ toxicity on Hill reaction and membrane functionality in maize by Ghasemi F. et al.
Journal of Stress Physiology & Biochemistry, Vol. 8 No. 4 2012, pp. 55-61 ISSN 1997-0838
Original Text Copyright © 2012 by Ghasemi, Heidari, Jameii, Purakbar
ORIGINAL ARTICLE
Effects of Ni
2+ toxicity on Hill reaction and membrane 
functionality in maize
Fatemeh Ghasemi, Reza Heidari, Rashid Jameii and Latifeh Purakbar
Department of Biology, Faculty of Science, Urmia University, Urmia, Iran
Telephone No.:  +989149380292
*E-Mail:  ayda1355@yahoo.com
Received July 4, 2012
Soil contamination with heavy metals has become a worldwide problem, leading to losses in 
agricultural yield and hazardous health effects as they enter the food chain.  Nickel as an 
essential trace element, affect a number of biochemical and physiological processes in plants 
in toxic levels. The most common symptoms are chlorosis, and inhibited photosynthesis and 
respiration.  Zea mays seeds were germinated and cultured on nutrient solution with nickel 
concentrations of 50-200 μmol for a period of two weeks.  Studied physiological makers 
included photosynthetic pigments content, the rate of Hill reaction, K
+ efflux and carbohydrate 
leakage from the roots to the external solution and cell death as a Ni-induced membrane 
damage.  By increasing Ni concentration up to 100  μmol, the content of  chlorophyll  a 
increased, but decreased at 200  μmol  Ni. No significant changes in chlorophyll  b  and 
carotinoids content observed. The rate of Hill reaction as an ability of chlorophyll a in the 
reaction center of PSII680 to split water, decreased  by increasing Ni concentration. Different 
concentrations of nickel increased  the K
+ efflux  and sugar leakage from roots to the culture 
and  the cell death of root tips.  The present results suggested that  the disruption of 
photosynthesis by Ni cannot be attributed to any single factor and appears to result from its 
combined effects on chloroplast structure, chlorophyll content and photosynthetic protein 
complexes and treatment with different levels of nickel may induce structural damage and 
alterations in membrane properties by generation of reactive oxygen species.
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Increasing development of fossil fuel resources, 
application of sludges to agricultural lands, and the 
continuing   release   of   industrial   wastes   will 
undoubtedly   result   in   a   redistribution   of   trace 
metals in the environment. These anthropogenic 
releases can be expected to increase soil levels of 
trace   elements   such   as   Ni
2+,   resulting   in   a 
concomitant increase in the concentration of Ni
2+ in 
plants and possibly in the food chain. Plants have 
been shown to accumulate Ni
2+ in both vegetative 
tissues and seeds, and therefore represent a source 
of Ni
2+  to primary and secondary consumers and 
ultimately man  (Boominathan and Doran 2002). 
Trace elements are necessary for normal metabolic 
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functions in plants, but higher concentrations of 
these metals are toxic and may severely interfere 
with many physiological and biochemical processes 
of plants (Seregin and Kozhevnikova, 2006). Earlier 
studies have shown that excessive Ni can inhibit 
seed germination, plant growth, mitotic activities 
(Madhava Rao & Sresty, 2000), induce chlorophyll 
degradation, chlorosis, necrosis and wilting and 
interfere with photo-system activity (Léon  et al. 
2005). In cereals, Ni produces diffuse chlorosis and 
necrosis in the form of white stripes on the leaves. 
The   plasma   membrane   (PM)   of   root   cells 
constitutes the first barrier for the entry of heavy 
metals but also a target of their toxic action (Llamas 
et al. 2008). Impairment of nutrient balance may 
result   from   metal-induced   disorders   in   the 
functionality of cell membranes. Thus, Ni
2+ affected 
the lipid composition of the plasma membrane 
(PM) and the PM-H
+-ATPase activity in Oryza sativa 
shoots. Moreover, Gonnelli  et al. (2001) reported 
that   malondialdehyde   (MDA)   concentrations,   a 
marker of lipid peroxidation, increased in shoots of 
plants from Ni
2+-sensitive but not from tolerant 
populations   of  Silene.   All   these   changes   might 
disturb membrane functionality, and therefore the 
ion balance in the cytoplasm, particularly of K
+, the 
most mobile ion across plant cell membranes. 
The   purpose   of   the   present   study   is   to 
contribute   to   a   better   understanding   of   the 
biochemical   and physiological responses of plants 
subjected   to   nickel   stress.   Little   information   is 
available   in   the   literature   on   the   relationship 
between Ni-toxicity, Hill reaction and membrane 
permeability.  Therefore, our work focuses in the 
study of the effects of different concentration of 
nickel on Hill reaction, photosynthetic pigment's 
content and plasma membrane as a target of Ni
2+ 
effects.
MATERIALS AND METHODS
Maize   (Zea   mays  cv.   704)   seeds   after 
sterilization were germinated in Petri dishes (20 cm) 
containing   distilled   water   at   27˚c   under   dark 
condition.   Individual   seedlings   3   days   following 
germination, were transferred to 600-ml beakers 
containing 500 ml of aerated Hoagland’s solution 
with different concentration of nickel chloride (0, 
50, 100 and 200 μmol)  The experiments were 
arranged in a completely randomized design with 
three replicates and each replicate contained four 
seedlings. 15 days after treatment, fresh leaves of 
seedlings   were   harvested   for  determination   of 
chlorophyll content and Hill reaction.
The   content   of   chlorophyll  a  and  b  was 
determined   by   the   method   described   by 
Lichtenthaler and Wellburn (1983). Chlorophyll was 
extracted   in   100%   acetone.   Absorbance   was 
measured at 663 and 645 nm. The chlorophyll and 
carotinoid   contents   were   calculated   from   the 
Lichtenthaler and Wellburn (1983) formulae.
The Hill reaction was measured according to 
Bregman (1990). One gram of fresh leaves were 
homogenized using a chilled pestle and mortar in 3 
ml phosphate buffer (pH 7) and then centrifuged at 
12 000 rpm for 2 min. The pellet thoroughly was 
resuspended with a pasture pipet.  The reaction 
mixture   contained   0.5  ml   of   the   chloroplast 
suspension, 2ml phosphate buffer and 0.2 ml 2,6-
dichlorophenolindolphenol.  Absorbance  readings 
were taken at 1-min intervals of illumination for 15 
minutes at 550 nm.
Potassium efflux from samples was measured 
according to Llamas et al. (2008) method. The roots 
of 3 day seedlings were thoroughly washed twice 
with cold 0.2 mmol CaSO4 to eliminate the nutrient 
solution from the apoplast, blotted on filter paper 
and submerged in 15 ml of 0, 50, 100 and 200 μmol 
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Ni
2+. They were then incubated for 2 days at 25 °C. 
K
+ efflux from the roots to the external solution was 
measured by flame photometry.
The carbohydrate leakage from the roots  was 
measured according to Costa and Spitz (1997). The 
reaction mixture contained  2ml of the external 
solution, 1 ml phenol 5% and 3 ml sulphuric acid 
98%. After 60 min,  absorbance was measured at 
485 nm.
To determine the cell death, after treating the 
seedlings with 0, 50, 100 and 200 μmol  Ni
2+, 1 cm 
of three root tips of each  replicates  were put in 
Evans blue 0.025% for 30 min, then washed with 
water   for   15   min   and    homogenized   in   1   ml 
methanol 50% and SDS 1%. The extracts were then 
incubated for 15 min in a water bath at 50 °C and 
centrifuged for 15 min at 14000 rpm.  Absorbance 
was measured at 600 nm (Baker and Mock, 1994). 
The   results   of   the   particular   determinations 
were statistically analyzed by ANOVA programme, 
Statistica 5.0. Data are reported as the mean ± SD. 
Three independent experiments for each condition 
were   performed.   Statistical   significance   was 
considered to be significant when the P value was 
less than 0.05. 
RESULTS
According   to   figure   1,   by   increasing   Ni 
concentration up to 100 μmol, the content of chla 
increased,   but   decreased   at   200  μmol  Ni.   No 
significant changes in chlb and carotinoids content 
were observed. Ni is now considered as an essential 
mineral nutrient (in this study up to 100  μmol, 
fig.1), but excess Ni in the medium alters various 
physiological   processes,   resulting   in   detrimental 
effects   on   plants   and   causing   diverse   toxicity 
symptoms(Chen et al. 2009).
Ouzounidou  et al. (2006) reported that long-
term exposure of wheat plants to 1 mmol Ni
2+ 
reduces Fe contents and results in Fe and Mg 
deficiency   symptoms.  The   chlorophyll   content 
decrease in the presence of nickel could be caused 
both by intensified chlorophyllase action in the 
plants treated with the metal and sensitivity of 
other enzymes of porphyrins synthesis pathway as 
well   as   by   synthesis   inhibition   of   delta-
aminolevulinic   acid   dehydratase   –   an   enzyme 
participating   in   synthesis   of   assimilation   dyes 
(Llamas  et   al.  2008).  It   can   also   result   from 
decreased   action   of   ironporphyrin   enzymes   – 
catalase   and   peroxydase,   or   from   decreased 
availability of iron needed for chlorophyll synthesis 
(Pandey and Sharma, 2002).  Nickel can displace 
manganese ion that is coordinated to the nitrogen 
(N) atoms of the tetrapyrolles of the chlorophyll 
molecule. This alteration in chlorophyll structure 
could lead to a loss of absorbing properties and 
hence the green coloration (Gajewska et al. 2007, 
Pandey and Sharma, 2002). It is worthy of note that 
this decline in chlorophyll content may account for 
the stunted growth. Therefore, yellowing of the 
leaves is an indication that the chlorophyll content 
is low.  The influence of Ni on photosynthesis is 
pervasive, occurring both in isolated chloroplasts 
and whole plants (Molas, 2002, Chen et al. 2009).
We were interested in the ability of chlorophyll-
a in the reaction center of PSII680 to split water and 
liberate free molecular oxygen in the process. In 
1937 Robert Hill showed that isolated chloroplasts 
can evolve oxygen in the absence of CO2. According 
figure 1.b, the rate of Hill reaction reduced by 
increasing   Ni   concentration.  Ni   damages   the 
photosynthetic apparatus at almost every level of 
its   organization,   including   destroying   cells   of 
mesophyll and epidermal  tissue and decreasing 
chlorophyll   content   (chlorophyll   a,   b,   total 
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chlorophyll and chlorophyll a/b ratio) (Pandey & 
Sharma, 2002, Gajewska and Skłodowska, 2007). It 
also interferes with the photosynthetic electron 
transport chain (Aravind and Prasad, 2004) and its 
intermediates (such as cytochromes b6f and b559) in 
leaves. A recent study on spinach leaves in vitro 
showed   that   two   proteins   associated   with   the 
oxygen-evolving complex of PSII (the site of Hill 
reaction) were depleted following treatment with 1 
mmol Ni (Boisvert et al. 2007). Taking these studies 
together, the disruption of photosynthesis by Ni 
cannot   be   attributed   to   any   single   factor   and 
appears to result from its combined effects on 
chloroplast   structure,   chlorophyll   content   and 
photosynthetic protein complexes. 
Figure 1: Mean weight of fishes per week reared at the different photoperiods (P<0.05).
Figure 2: Effects of different concentrations of nickel on K+ efflux (a), sugar leakage (b) of the roots to the 
culture and root tip cells death (c) of Zea mays seedlings as root membrane functionality. Data 
points and error bars represent means ± SD.
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The plasma membrane (PM) is the first site of 
contact   with   plant   cells   of   heavy   metals 
accumulated in the soil. It is not only a selective 
barrier which controls their uptake, but also a target 
of their toxic action. To study the effects of Ni 
toxicity on membrane functionality,  the K
+  efflux 
and sugar leakage of the roots to the culture and 
root tip cells death were measured as Ni-induced 
membrane damage. K
+ efflux from the roots of Zea 
mays  to the culture increased  by increasing Ni 
concentration (fig. 2).
Ni   has   been   shown   to   increase   membrane 
permeability in rice and maize roots (Pavlovkin et 
al. 2006). Gabbrielli et al. (1999) showed that toxic 
concentrations of Ni
2+ lowered K
+ contents in shoots 
and roots of pea plants and since they did not cause 
an increase in K
+ efflux, they suggested the effect 
could be due to a decrease in K
+ uptake. They could 
be due to an inhibition of the PM-H
+-ATPase or to a 
competition with other divalent cations, such as 
Ca
2+, Mg
2+  or Fe
2+  in their transport across the 
membrane.   In   both   cases,   nutrient   imbalance 
would result, and this would impair plant growth, as 
has   been   reported   for   various   plant   species 
(Ouzounidou  et al.  2006).  In this study, the cell 
death   of   root   tips   increased  by   increasing   Ni 
concentration (fig. 2). Some authors reported that 
changes   of   the   membrane   proteins   or   lipidic 
composition   caused   by   heavy   metals   induce 
structural damage and alterations in membrane 
properties   (Llamas  et   al.  2008).  Different 
concentrations of nickel had a significant effect on 
sugar leakage from roots of Zea mays seedlings to 
the   culture   (fig.   2).   The   observed   results   with 
respect to the high level of Ni may be due to its role 
on   the  structural   damage   and   alterations   in 
membrane properties (Llamas et al. 2008). Studies 
revealed that the resultant effect of nickel on plants 
arise   from   their   ability   to   offset   the   balance 
between the production and quenching of reactive 
oxygen species as superoxide radical, singlet oxygen 
and peroxide is disturbed. The generation of HO
- 
radicals   may   cause   extensive   damages   of 
membranes by peroxidation of their constituent 
lipids (Eriyamremu   and  Lolodi,   2010).  Oxidative 
stress   can   seriously   disrupt   normal   metabolism 
through oxidative damage to lipids, protein and 
nucleic acids. This leads to change in selective 
permeability   of   bio-membranes   and   thereby 
membrane leakage and change in the activity of 
enzymes bound to membrane occurs (Boominathan 
and Doran 2002).
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